known medical school on the West Coast. His fellowship included one year of clinical duties and two years of research. During his clinical year, J.R. was struck by how little was known about liver damage in patients with hepatitis and cirrhosis. He decided to spend the next two years studying liver regeneration. During the last year of his fellowship, J.R. made an exciting discovery. He found that a crude extract from newborn rat liver stimulates growth of the liver when injected into partially hepatectomized rats. This growth factor is present only in newborn liver, it is not detectable in adult rat liver.
J.R.'s assay for the liver growth factor was complicated. It required the intravenous injection of crude cell extracts into a rat that had undergone a 30% hepatectomy. Hepatic growth was measured by injecting I3Hthymidine intravenously and measuring its incorporation into liver DNA. Despite this complexity, J.R. had clear-cut findings and his work attracted considerable attention. In 1978 at age 33 he was offered assistant professorships at several university medical centers. He chose to join a famous faculty in the Northeast. As a new faculty member, J.R. was initially given a light clinical and teaching load and was able to devote 75% of his time to research. His colleagues had high expectations that his liver growth factor would turn out to be exciting.
Over the next eight years from 1978 to 1986 J.R. carefully repeated the same experiment with minor variations. He showed that the growth factor was present in livers of newborn mice, rabbits, dogs, and humans. He also showed that growth factor activity varied with a diurnal cycle. J.R. generated publishable data, he obtained an Established Investigatorship from the American Heart Association and two NIH Research Grants, and in 1985 he was promoted to Associate Professor with tenure.
Despite these symbols of academic success, it is fair to state that our knowledge of the liver growth factor has not advanced significantly since J.R.'s original observation as a postdoctoral fellow. For the past 10 years, J.R. has caressed and massaged the problem instead of exposing it. The real challenge would be to isolate the liver growth factor and to determine its true role in physiology. This would require that J.R. reduce his complicated hepatectomy assay to an isolated cell system in which the growth factor could be measured more conveniently. With such an assay J.R. could purify the factor and learn about its structure and function. He could make antibodies. He might even clone its gene.
In 1986, studying a growth factor without purifying it is like trying to decide whether a patient has a brain tumor without employing a CAT scan, or trying to diagnose a myocardial infarction without an EKG. One is not taking advantage of the tools that have brought modern science, like modern medicine, out of the dark ages. The biologic phenomenon that J.R. has exposed is exciting. The opportunity for new knowledge is enormous and the potential for shedding light on liver disease is real. He discovered that porphyrins were found in the urine ofhealthy individuals and were elevated nonspecifically in the urine of patients with a variety of diseases, including the original patient with chorea. So the study of pigments did not teach Garrod the secret of chorea. Although his hypothesis proved false, Garrod's training was not wasted: it allowed him to go far beyond his original goal. In 1897, Garrod's fascination with urinary pigments brought him in touch with a patient with alcaptonuria, also known as "black urine disease." These rare patients excrete large amounts of the chemical, homogentisic acid. In the presence of air, homogentisic acid is oxidized spontaneously to a brownish black polymer, which causes the urine to turn black. The pigment also accumulates slowly in cartilage and other connective tissues, causing bluish discoloration of the sclerae and osteoarthritis.
At the time that Garrod began his studies, the prevailing view was that alcaptonuria was caused by some peculiar infectious organism that invaded the intestine and formed a black pigment that was absorbed into the blood. This was, after all, the golden age of bacteriology. Garrod doubted this theory because affected patients had black diapers immediately after birth. Garrod therefore carried out a series of balance experiments in which he measured urinary homogentisic acid in normal and affected individuals after the ingestion of a protein meal rich in phenylalanine and tyrosine. His findings were clear-cut. Homogentisic acid rose to high levels in the urine ofalcaptonurics four hours after a meal, but no such rise occurred in normals. Garrod made two conclusions: first, that homogentisic acid was a normal intermediate in the catabolism of phenylalanine and tyrosine; and second, that alcaptonuria is caused by the lack ofan enzyme that normally degrades homogentisic acid to a colorless product. Garrod's hypothesis was formally proved correct 55 years later in 1958 when two members ofour Society-Burt LaDu and Jay Seegmiller-demonstrated directly the absence of homogentisic acid oxidase in the liver of alcaptonuric patients.
Not satisfied with a simple clinical description, Garrod went on to make observations about the familial clustering of alcaptonuria. From his analysis of 31 cases, he concluded that multiple siblings were affected, yet the parents and other relatives were normal. Astutely, he realized that the parents of alcaptonurics were often first or second cousins. From these observations he made a bold intellectual leap. He suggested that alcaptonuria was not an infectious disease but an inherited disease. The parents were clinically normal because they both were carriers of a recessive gene. The notion of recessive genes had been developed 30 years earlier by the Austrian monk, Gregor Mendel, who had studied garden peas. At the time that Garrod made his deduction in 1902, Mendel's work was just being rediscovered. The notion that observations about garden peas could be applied to animals, much less humans, was outrageously bold. By applying his basic training and his clinical insight, Garrod was the first person to conceive the relation between genes and enzymes. Not bad for a medical practitioner! By 1908, Garrod had generalized his findings in alcaptonuria to three other rare metabolic conditions-albinism, cystinuria, and pentosuria. He used these disorders to advance his unifying theory ofthe inborn error ofmetabolism, which he first presented in his Croonian Lectures of 1908 to the Royal College of Physicians of London (Fig. 3) . According to Garrod's theory, alcaptonuria, albinism, cystinuria, and pentosuria were each due to a block in the normal pattern of metabolism, and each block was due to an inherited deficiency of an enzyme.
Garrod did not limit his thinking to rare inborn errors of metabolism. He was also interested in the genetic and biochemical basis of common diseases. was the heyday of bacteriology. The brilliant work of Pasteur and Koch had opened the door to the understanding ofbacterial infection, and glory was available to any young scientist who chose bacteriology as a career. He had only to find an unexplored disease and isolate the causative bacterium. Early in his career in 1908, Landsteiner succumbed to this attraction, and he isolated a new causative organism-only it wasn't a bacterium. It was a virus-the polio virus to be precise. This breakthrough caused an immediate flurry of activity in research laboratories in the United States as well as in Europe. Landsteiner had to choose between continuing to work in the popular field of infectious disease or to pioneer a new field of immunology. He chose the more risky, but novel route. This choice was based on his early scientific training, which was not in bacteriology but in chemistry. As a student Landsteiner had studied with a great chemist, Emil Fischer. This training gave him the technical courage to try something new, and the result was a new field of science-immunochemistry (Table II) . molecule could be synthesized. Realizing that his clinical background did not equip him with the technical tools necessary to approach this problem, he obtained postgraduate training in two of the leading organic chemistry laboratories in Germany.
In the early 1930's, Schoenheimer attempted to figure out the cause of the high blood cholesterol level in a patient with severe hypercholesterolemia. His first approach was to use the classic chemical balance method of the type that Garrod had used 30 years earlier. Schoenheimer measured the sterol output in the stool after the patient consumed varying amounts ofcholesterol in the diet. Unlike Garrod's findings with alcaptonuria, Schoenheimer's findings with hypercholesterolemia were anything but clear-cut. He was totally unable to deduce the mechanism for the accumulation of cholesterol in the blood. This frustration made Schoenheimer acutely aware of the weakness ofbalance studies. In a famous metaphor, he compared the clinical balance study to the working of a chewing gum machine. He wrote: "A penny brings forth one package of chewing gum; two pennies bring forth two. Interpreted according to the reasoning ofbalance physiology, the first observation is an indication of the conversion of copper to gum; the second [observation] constitutes proof."
Soon after publishing his clinical study on hypercholesterolemia, Schoetheimer was forced to leave Nazi Germany, and in 1933 at age 34 he emigrated to New York City, where he was offered ajob in the Biochemistry Department at Columbia University College of Physicians and Surgeons. Shortly after arriving at Columbia, Schoenheimer hit upon a completely new way to decipher the complexities ofcholesterol metabolism in the whole body. He conceived the novel idea of using isotopes as molecular tracers for biochemical events. Isotopes had only recently been isolated by nuclear physicists. They had never before been used as biological tracers for probing physiological events. Using heavy isotopes of hydrogen and nitrogen, Schoenheimer became the first to glimpse body chemistry in action. Between 1934 and 1941 he synthesized numerous isotopically labeled compounds that allowed him to trace the fate ofcholesterol, fatty acids, and amino acids throughout the body of animals and humans. steroid hormones were formed from cholesterol; they measured the synthesis and turnover of antibodies; and they determined that the life-span of a red blood cell in humans was 120 days.
Schoenheimer was clearly a towering figure whose work profoundly influenced virtually all areas of biomedical research. It is impossible to capture here the excitement ofthe transformation in scientific thought that resulted from Schoenheimer's isotopic experiments and his theory ofthe dynamic steady state. As clinical investigators, we can take pride in the fact that the key to Schoenheimer's success was his medical background, which gave him the original stimulus, the breadth, and the flexibility that allowed him to unify a broad range of empirical observations into powerful biomedical theories (Table II) .
Although Schoenheimer was never a member of the ASCI, his style of research spread like wildfire through our Society thanks to DeWitt Stetten, As clinicians, we can take one more action to foster this partnership. We can provide financial support. Most funds from private donors are given to clinicians because the donors wish to cure a dreaded disease such as cancer, heart disease, or Alzheimer's disease. As forward-looking clinical investigators, we must actively divert a generous portion of these funds to basic science departments. These additional funds should allow the basic science departments to recruit and support strong scientists who will serve as tutors to the clinical scholars. If physicianscientists are to become creators and innovators in medical research a la Garrod, Landsteiner, and Schoenheimer, it is absolutely essential that clinical departments assume a leadership role in assuring the financial support of strong departments of basic science.
Finally, it will be necessary for clinical departments to welcome back their scientifically trained colleagues at the end of their 3-or 4-year sojourn in a basic science laboratory. We must reexcite them about the joys of clinical medicine and encourage them to participate fully in the department's activities. Physician-scientists must be spared the "fee-for-service" obligation that is driving many of our clinical departments. They should be allowed to approach patients from a scholarly, aca-demic viewpoint. The full-time clinicians should see themselves as teachers of the physician-scientists, not as rivals.
In this Utopia of academic enterprise, new discoveries will flow, and the entire faculty will glow with pride in the combination of clinical and scientific talent that has been assembled. And last but not least, the Council of the ASCI will finally be able to relax at their meetings without the dreadfil fear ofelecting someone into our Society who has a contagious case of PAIDS.
